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Constraining fluvial organic carbon source, fate, and transport in small stream
systems is becoming increasingly important due to its role in fueling benthic foodwebs,
promoting hypoxic conditions, and reducing uncertainty in regional to global carbon
budgets. While current water quality models simulate some components of the fluvial
organic carbon budget, benthic carbon compositions have been poorly constrained. We
present a new numerical model formulation (ISOFLOC) to simulate the isotope fluvial
organic carbon budget in low-gradient stream systems in which hydrologic, sediment
transport, and biogeochemical reaction models are coupled to continuously simulate
benthic and transported carbon composition and flux. The major innovation of
ISOFLOC is the incorporation of a new stable carbon isotope mass-balance with
Rayleigh fractionation subroutines in order to constrain estimates of organic carbon
source fate and transport. The model formulation is applied and validated in a small,
low-gradient stream in the Bluegrass Region of Central Kentucky. Results of the model
application suggest that coupling physical and biogeochemical processes in ISOFLOC
provides a unique algal shear stress calibration that results in benthic algae sloughing
uncertainty reduction of 60%. Results of the fluvial organic carbon budget suggest that
inclusion of sloughed algae quadruples previous estimates of particulate organic carbon
transport for the system and could potentially be a driver of hypoxic conditions in
downstream waterbodies.
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The focus of this research is the time averaged velocity and turbulence
characteristics of hydraulically rough decelerating open channel flows. The bulk of
research on velocity and turbulence characteristics of open channel flows is made under
the uniform flow assumption while the bulk of natural open channel flows is nonuniform. Decelerating conditions are a common feature of open channel flows and occur
in riffle pool sequences, upstream of flow obstructions, and in backwater regions. The
velocity and turbulence characteristics of open channel flows are vital to in-stream
ecologic functioning and transport processes of engineering concern. Flow nonuniformity is known to produce a multitude of velocity and turbulence distributions
which have been shown to support the coexistence of different aquatic species. Flow
velocity and turbulence characteristics are key inputs to modeling sediment erosion,
transport, and deposition which are all critical to the design of open channels.
The objectives of this study were threefold: (1) to present data collected in a
backwater region and investigate the impact of decelerating flow on Log-law parameters
with relative submergence varying from 10 to 25, (2) to analyze the Reynolds stress and
turbulence intensities; and (3) to compare these results to those from other researchers.
Laboratory experiments were conducted in a hydraulically rough bed flume using
cylindrical obstructions to create a backwater region characterized by having a

37

decelerating streamwise velocity component. Vertical profiles of velocity characteristics
where measured using a three component acoustic Doppler velocimeter under a range of
decelerating conditions. Shear velocity is found using the Clauser method which is found
to agree reasonably well with that found by extrapolating the near linear portion of the
Reynolds stress distribution to the bed. The constant of integration in the log law, beta, is
found to decrease as flow deceleration is increased. The decreasing log law constant of
integration as a function of flow deceleration is somewhat controversial in the reviewed
literature where researchers have reported a weak dependence. The decreasing log law
constant indicates an increased flow resistance due to increasing the flow obstruction.
Analysis of the Reynolds stress shows the distribution deviates from linear as flow nonuniformity is increased; this is expected to arise from to the vertical velocity component.
Work is ongoing to compare Cole’s wake parameter with literature values and to
determine a relationship that describes the Reynolds stress distribution. The results to
date are that prediction of streamwise velocity profiles in backwater conditions using the
log law need to account for the increased flow resistance by varying the log law
“constant” of integration.
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Modeling soil moisture variation is germane to environmental remediation, watershed
management, resource conservation, and precision agriculture. Hydrologic parameters,
such as terrain indices and soil properties, used to model soil moisture variation are often
applied universally among soil moisture contents and sampling scales with little regard
for potential relative importance in space and with time. The objective of this study was
to determine which soil-terrain parameters influence soil moisture variation with time,
their relative importance, and to what extent these induce a corollary effect on the
optimal sample scale(s) to measure and model soil moisture variation. The study was
performed across a 40 ha Inner Bluegrass Kentucky landscape for three observation dates
ranging in soil moisture content from Permanent Wilting Point (PWP) to nearing Field
Capacity (FC). Variables for this study were established using high resolution geoelectric
and LiDAR data as auxiliary measures to support sparse direct soil sampling (n = 127).
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A Veris 3100 was used to measure shallow and deep apparent electrical conductivity (n =
~9,500) in tandem with soil moisture sampling. Terrain attributes were generated from
2010 LiDAR returns (n = 402,915) collected at ≤1 m nominal pulse spacing. Exploratory
analysis revealed several variables best associate with soil moisture including select soil
parameters, such as apparent EC (for all three dates), clay, sand, organic matter, cation
exchange capacity, and terrain parameters: elevation, slope, and profile curvature.
Two complimentary, yet different, analytical approaches were employed for each
observation date to determine the relative importance of soil-terrain parameters
influencing soil moisture variation with time. The first approach uses a multivariate
geostatistical model, called the Linear Model of Coregionalization, to modulate the
studied hydrologic system into functional multivariate units according to the underlying
shared spatial autocorrelation, or spatial variation, between studied soil-terrain
parameters and soil moisture. The second approach uses spatial regression (e.g. spatial
eigenvector mapping in tandem with multiple linear stepwise regression) to identify
explanatory variables in the form of soil-terrain parameters and spatial filters that
significantly (p < 0.05) explain soil moisture variation.
Findings from this study reveal that soil moisture’s interaction with soil-terrain
parameters is time dependent and this dependence influences which observation scales
are optimal to sample, monitor, and manage soil moisture variation. The driest sampling
date indicated that soil physicochemical attributes were most relevant and operated at
long-range spatial scales. When the soils approached FC, however, there was a shift in
relative importance to terrain attributes that operated at short-range spatial scales. These
findings challenge current conceptual models adapted from hierarchy theory that assume
soil properties exhibit short-range spatial variation and terrain attributes exhibit longrange spatial variation. It is hopeful these findings will improve our conceptual
understanding of soil hydrologic systems to help researchers develop stronger hypotheses
and useful methodologies that lead to more accurate and precise empirical predictions
specific to soil moisture variation.
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Karst landscapes are common in many agricultural regions in the US. Well-developed
karst landscapes are characterized by shallow soils, sinkholes, sinking streams,
underground conduits, and springs. In these landscapes surface runoff is minimal and
most recharge enters the subsurface relatively quickly and without significant filtering of
the water. Once in the subsurface, recharge water can enter large conduits where it can
travel quickly over great distances with minimal filtering prior to reaching surface waters
or becoming part of the aquifer system. In this way, these landscapes have similarities to
tile-drained fields in that water moves through the soil quickly and is directed to surface
or groundwaters with minimal filtering potential and reaction time in soils. As a result,
these landscapes are susceptible to contamination from agrochemicals, including P,
applied on the surface. We present research conducted at a well-instrumented field site in
south-central Kentucky designed to monitor surface-subsurface hydrology to better
understand the processes controlling flow in karst landscapes. Specifically, our focus is
on the role of the epikarst – the soil-rock interface that provides a storage component – on
the flow of water and movement of agrochemicals. We also present results from tracer
injections into a sinking stream to evaluate the potential attenuation of P in underground
karst streams.
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